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Introduction

Basics of Ultrasound and Rationale for EUS
Diagnostic ultrasonography is a relatively recently developed technology. Initial reports began to appear in the late 1950s and early 1960s, and ultrasonography rapidly gained acceptance in the 1970s [1] .
As with any technology, diagnostic ultrasound has advantages and disadvantages. Advantages include reasonable portability, relatively low cost, and lack of ionizing radiation (as opposed to CT). Disadvantages include that ultrasound is unable to image deep to air-filled structures or extremely dense structures such as bone or calculi. Imaging of the pancreas and distal common bile duct is also greatly limited. In an effort to overcome these limitations, endoscopic ultrasound was developed in the early 1980s [2] .
Endoscopic ultrasonography (EUS) incorporates ultrasound technology into the tip of an endoscope to visualize the gastrointestinal wall and surrounding structures. By placing the ultrasound transducer within the body, it is possible to avoid air-filled or bony structures and reduce the distance between the transducer and the region of interest [3] - [8] .
EUS has been used to stage tumors of the gastrointestinal tract, pancreas, and bile ducts [9] . Indeed, studies demonstrate that EUS is a highly accurate modality for staging the depth of tumor invasion; unfortunately, there is a difficulty in distinguishing inflammatory versus neoplastic processes via EUS [3] .
Radial Array versus Linear Array
Ultrasound imaging is currently available in two primary imaging planes: radial array and curved linear array ("linear"). These imaging planes are determined by the orientation in which the individual piezoelectric crystals are installed on the echoendoscope. Early devices produced by Olympus utilized only radial imaging, whereas early Pentax devices were exclusively linear (although now both companies manufacture both types of devices).
The Olympus transducer has a more distinct curvature and wider field of view compared to the Pentax device, providing imaging of more tissue anterior to the echoendoscope, although these differences do not necessarily imply a distinct advantage of one type over another [5] . Echoendoscopes are now available in both "diagnostic" and "therapeutic" sizes, determined by the diameter of the device channel.
Clinical Indications
Linear Endoscopic Ultrasound
1) Pancreatic Cancer Linear echoendoscope is widely used in the diagnosis & primary staging followed by FNA (fine needle aspiration) of either the pancreatic mass itself or of lymph nodes, and to exclude liver metastasis [10] . Both EUS designs appear equivalent for staging pancreatic cancer and assessing vascular invasion but with the added power to perform FNA, the linear array would be the preferred [10] . Using linear echoendoscope Kochman et al. demonstrated that sensitivity and specificity for malignant disease of the pancreas were 80% and 88.9%, and for benign disease of the pancreas were 93.8% and 88.2%, respectively.
Very few studies have been conducted comparing the efficacy of the radial versus the curvilinear (linear) array systems [11] ; their ability to detect and stage cancer has been similar [12] . EUS is superior to CT in the detection of pancreatic tumors especially with a diameter of less than 25 mm [13] - [15] . Recently, however, with the advent of MDCT (multidetector CT), this difference has reduced [16] [17] . EUS can also locate lymph node metastasis and vascular infiltration with a higher sensitivity than CT [18] . The potential major drawbacks of EUS include operator dependence, limited visualization of the right hepatic lobe and peritoneal metastasis, additionally, it may be difficult to detect tumor in patients with concomitant chronic pancreatitis, or when the cancer is diffusely infiltrating the whole gland [19] [20] . Despite these limitations, some authors have documented that the negative predictive value (NPV) of EUS for tumor detection is as high as 100% [21] .
EUS is particularly helpful in demonstrating the presence of neuroendocrine tumors (NET) with a sensitivity of more than 80% [22] [23] . It not only localizes the tumor, but also differentiates it from adenocarcinoma [24] . EUS has a higher sensitivity for diagnosing the tumors located in the head of the pancreas than the tumors located at body or tail of the pancreas [25] [26] . A recent review by DeWitt et al., comparing the role of EUS and CT in staging of the pancreatic cancer depicted EUS as superior to CT for T (tumor) staging [13] [27] ; and for detecting the invasion of the portal vein; while the invasion of celiac and superior mesenteric arteries were better detected by CT scan [28] . However, the study demonstrated equal efficacy of both EUS and CT scan in N (nodal) staging [29] , and determining the tumor respectability [28] . Studies have shown that the sensitivity of cytology (to exclude malignancy) obtained during ERCP to be less than 70%. Therefore, ERCP should be performed only for biliary decompression [30] [31] . EUS-guided FNA is the preferred procedure due to its ability to detect and stage the lesion, assess resectability, obtain FNA for cytological confirmation, and finally to carry out EUSguided celiac neurolysis in the presence of unresectable tumor with unremitting pain [32] [33] . EUS-FNA of pancreatic masses is of low risk with a reported complication rate of 1% -2% [13] . Most complications are minor and include self-limited bleeding, abdominal pain, and acute pancreatitis. The sensitivity and specificity of EUS-FNA for the diagnosis of pancreatic cancer is 85% and 98%, respectively [13] , and remains extremely accurate even after previously negative tissue sampling from ERCP and percutaneous biopsies. Despite its excellent sensitivity, the negative predictive value of EUS-FNA does not completely exclude the possibility of malignancy; this is particularly true in conditions when pancreatitis accompanies pancreatic cancer [34] .
2) Common Bile Duct Stones EUS has superseded ERCP as the primary endoscopic modality for determining the presence of CBD stones (CBDS); MRCP (magnentic resonance cholangiopancreatography) allows similar accuracy but is limited in stones smaller than 2 mm. Studies in which a radial scanning echoendoscope was used consistently report sensitivities near 90% for the ability of EUS to detect CBDS. In Lachter et al. study on suspected choledocholithiasis using linear echoendoscope with ERCP serving as the reference [16] . EUS had 97% sensitivity, 77% specificity, and 90% accuracy. The authors conclude that "linear array EUS, despite the learning curve, seems to be about equivalent to radial EUS in accuracy." Another prospective study of 134 patients suspected of CBDS underwent a linear array examination using (Pentax FG 32 UA, Tokyo, Japan) followed by ERCP with endoscopic sphincterotomy (127 patients), or choledochoscopy [35] . The accuracy for linear array EUS in determining CBDS was 94%; sensitivity, specificity, positive and negative predictive values were 93%, 93%, 98%, and 87%, respectively.
ERCP is the preferred procedure to treat CBD stones, not to diagnose them due to its attendant morbidity (5% -10%) and imperfect sensitivity (85% -90%) [36] [37] . In a prospective cost-minimization study that enrolled 485 patients with suspected CBD stones investigated by EUS, EUS followed by ERCP in case of positive finding was the least costly strategy (ERCP was avoided in about half patients) [38] .
3) "Idiopathic" Acute Pancreatitis EUS is particularly useful to investigate "idiopathic" acute pancreatitis. Standard investigation of acute pancreatitis, including TUS and CT scan, does not find the cause of acute pancreatitis in 10% -20% of cases [39] . A significant proportion of these cases are unrecognized biliary pancreatitis [39] . This is supported, among other factors by the identification, at microscopic examination, of crystals in bile sampled from the bile duct or gallbladder in up to 80% of cases [40] . In five studies that have analyzed the results of EUS for acute pancreatitis diagnosed as "idiopathic" after a standard work-up, gallstones were found in 170 (27%) of 631 patients [41] - [45] . In addition to this, other lesions were detected in another 220 patients, for an overall yield of EUS of 62% [44] . The likelihood of finding gallstone disease at EUS in idiopathic pancreatitis is similar for a first attack or in case of relapsing disease, but it is low in case of previous cholecystectomy [45] . Recognizing the biliary origin of acute pancreatitis is critical as recurrences develop in 33% -61% of cases in the absence of treatment [46] [47] . To this end, Wilcox et al. recently concluded that EUS should be considered to evaluate patients with a first attack of "idiopathic" acute pancreatitis [48] .
4) Biliary Strictures
Eus maliganat characteristics of malignant biliary strictures are: 1) A maximal thickness ≥ 3 mm & 2) The presence of irregular outer margins [49] . An irregular outer edge of the bile duct wall is also indicative of malignancy, but in contrast; echo features are similar for both benign and malignant strictures (most lesions are hypoechoic compared to the liver) [50] . In a recent meta-analysis, Garrow et al. reviewed 36 studies that analyzed the ability of EUS (without FNA) to detect the presence and etiology of a biliary obstruction in 3532 pa-tients. Accuracy of EUS was high for the detection of a biliary obstruction (sensitivity, 88%; specificity, 90%), but lower for differentiating benign from malignant causes (sensitivity, 78%; specificity, 84%) [51] . Of note, the results of standard EUS (without FNA) were slightly inferior to those reported with magnetic resonance in another meta-analysis, with regard to both the detection of biliary obstruction (sensitivity, 97%; specificity, 98%) and the differentiation between benign and malignant biliary obstruction (sensitivity, 88%; specificity, 95%) [52] . Regarding lymph nodes, Faigel et al. have shown for pancreatobiliary malignancies; the size of lymph nodes was not associated with malignant involvement, while other commonly used parameters (i.e., a short distance between the tumor and the lymph node, a round shape and a hypoechoic, homogeneous texture of the lymph node) were indicative of malignancy [53] . For cholangiocarcinoma located at the hilum, Gleeson et al. have found that malignant and benign lymph nodes had a similar aspect, including size, roundness, echogenicity, and homogeneity [54] . Cholangiocarcinoma may be more difficult to locate and to sample because they are usually smaller (mean size at the time of FNA, 19 -24 mm) [49] [50] [55] - [57] , and many of them are located in the proximal bile duct, including the hilum. Gleeson et al. reported a retrospective series of 47 patients with unresectable hilar cholangiocarcinoma considered for liver transplantation that had lymph nodes detected at EUS (including 12 with previously undetected lymph nodes by CT and/or magnetic resonance). FNA yielded malignant cells in 17% of cases [54] .
5) Gall Bladder Stones EUS successfully used for the detection of gallbladder stones that are difficult to detect at TUS due to their small size (<3 mm in diameter), location in the cystic duct, or because of the interposition of adipose tissue in obese patients. A study performed in patients with suspected gallbladder stones and 2 normal TUS examinations, the sensitivity and specificity of EUS for the diagnosis of gallbladder stones were 96% and 86%, respectively [58] . EUS is most beneficial in patients with "idiopathic" pancreatitis: in a study of 18 patients with negative findings at TUS, 14 (78%) patients were found to have gallbladder stones at EUS [59] .
6) Gall Bladder Carcinoma Gallbladder carcinoma (GBC) may present as a complex mass filling the gallbladder, or a wall thickening; this latter form represents 18% of GBC [60] . And is difficult to differentiate from xanthogranulomatous cholecystitis and adenomyomatosis [61] . GBC frequently invades the liver because of the continuity between the perimuscular connective tissue of the gallbladder and the interlobular connective tissue of the liver, and it disseminates to lymph nodes early in the course of the disease (even to nodes posterior to the portal vein or pancreatic head) [62] [63] . Two retrospective studies have analyzed a total of 80 patients with GBC. Lesions were classified into four types, based on tumor characteristics (shape and surface) and integrity of the outer hyperechoic layer of the gallbladder [64] [65] . During EUS, one should also look for previously undetected lymph nodes, liver metastases and carcinomatous ascites because up to 50% of the patients thought to have a resectable disease have metastasis at staging laparoscopy [66] .
Aim of the study: To compare the diagnostic value of EUS versus TUS in the assessment of pancreatobiliary diseases.
Patients and Methods
This cross sectional study was conducted over 14 months in KCGH in Sulaiman/Iraqi Kurdistan.
Inclusion Criteria
1) Patients with upper abdominal symptoms like chronic dyspepsia, epigastric or right hypochondrial pain, jaundice; or related symptoms like weight loss for more than two weeks.
2) Patients with a TUS finding or inconclusive findings who needed further assessment by EUS.
3) Patients with pancreatobiliary mass referred for TNM staging or resectability assessment. 
Exclusion Criteria
Statistical Analysis
All data were translated into codes and then converted to computerized data base; statistical analysis was done using SPSS 16.0. P value less than 0.05 regarded as statistically significant.
Results
One hundred cases were enrolled in the study, 52 of them were females and 48 were males, with a female to male ration of 1.1, their age ranges between 16 -90 years with a mean age of 43 [ Figure 1 ]. Patients' clinical features presentations shown in Figure 2 . Twelve cases have dilated IHBT (intra hepatic bile tree) by EUS compared to 23 cases by TUS which gives a significant P value of (0.041), six cases had cystic duct dilatation by TUS compared to nil by EUS which gives a significant P value of (0.013), one case had cystic duct stone by TUS compared to nil by EUS, 45 cases have dilated CBD by EUS compared to 36 cases by TUS, 16 cases have CBD stones by EUS compared to 11 cases by TUS, 8 cases have more than 1 CBD stones by EUS compared to 2 cases by TUS, 6 cases have CBD SOL (space occupying lesions) by both EUS and TUS, 3 cases have CBD sludge by EUS compared to nil by TUS, as shown in Table 1 .
Four cases have increased pancreatic size (bulky pancreas) by both EUS and TUS, 2 cases have shrunken pancreas by EUS compared to nil by TUS, 16 cases have pancreatic SOL by EUS compared to 14 cases by TUS, 14 cases have increased MPD (main pancreatic duct) diameter by EUS compared to 11 cases by TUS, 1 case have increased SPD (Small pancreatic duct = 2ndary branches) diameter by both EUS and TUS, As shown in Table 2 .
Twelve cases have enlarged LN (lymph node) by EUS compared to only 2 cases by TUS which gives a significant P value of (0.006), among the enlarged LNs. 2 cases have enlarged peripancreatic LNs by EUS compared to nil by TUS, 1 case have enlarged perihepatic LNs by EUS compared to nil by TUS, one case have Para aortic LN enlargement by TUS compared to nil by EUS, 1 case have perigastric LN enlargement by EUS compared to nil by TUS, one case has enlarged periportal LN by EUS compared to nil by TUS, 7 cases have enlarged LNs in places other than mentioned above including (subcarinal, peri-ampullary, periceliac, perilesional) by EUS compared to one case (portahepatis) by TUS, as shown in Table 3 .
In addition to the above findings, two cases with pancreatic CA (carcinoma), two cases with cholangiocarcinoma and 5 cases with ampullary/peri-ampullary tumors underwent TNM staging by EUS compared to nil by TUS, as shown in Table 4 .
Also in this study; EUS shows other findings include one case of early chronic pancreatitis, one case of pancreatic head fluid collection, one case of pancreatic pseudocysts and three cases of tumor invasion to SMV, CBD and duodenal wall which were not detected by TUS, despite EUS detected nine cases of ampullary/periampullary neoplasms compared to only three cases by TUS, as shown in Table 5 . Among the hundred patients who enrolled in the study; 25 of them underwent ERCP, comparing the result of ERCP and EUS, the sensitivity of EUS for detecting CBD dilatation 56%, for CBD stones 63%, for CBD SOL 95%, and for pancreatic SOL 96%, as shown in the Table 6 .
Also in the study 25 patients underwent ERCP, EUS and TUS. The results of TUS are shown in Table 7 . Ampullary/peri-ampullary tumors 
Discussion
Transabdominal ultrasonography (TUS) is usually used as the initial imaging diagnostic test when choledocholithiasis, cholecystolithiasis and dilatation of biliary tree is suspected [67] , because it is non-invasive, widely available, safe, lacks radiation and inexpensive. Despite these benefits its highly operator dependent. However, whole extra hepatic bile ducts are seen in only 60% -80% by TUS [68] [69] . Although EUS is also operator dependent to some extent, its close proximity to the extra hepatic biliary system makes identification and evaluation of biliary tree and GB consistently possible [68] . Female to male ratio was 1.1 probably due to prevalent gall stones diseases in female (Figure 1) .
1) CBD dilatation
In the current study 45% of patients have dilated CBD by EUS compared to 36% of cases by TUS, although more cases with CBD dilatation were seen by EUS compared to TUS, with a (P = 0.195), but the difference in the results was statistically not significant (probably due to small no. in the study), also in this study the sensitivity of EUS for detecting CBD dilatation was 56% compared to 30% by TUS.
A study done by Igor Tozzi di Angeloa et al. [70] , on one hundred patients in Czech Republic to diagnose CBD dilatation, showed that EUS had sensitivity of 84% and specificity of 83%, which is significantly higher (P = 0.0001) than TUS which had sensitivity of 46% and specificity of 66%.
In another study by Stott and colleagues [71] , the sensitivity of EUS compared to (ERCP) in detecting com-mon bile duct dilatation was 96%. Which supports the current study result which showed sensitivity of EUS is higher than TUS for detecting CBD dilatation, although the difference was statistically insignificant in this study which could be due to the small number of patients enrolled in the study, experience and operator factors, and another important explanation is that this study was done for pancreatobiliary diseases in general; that's to say not specifically concentrating on CBD dilatation as done in the above studies on CBD diseases.
2) CBD stones This study showed that sensitivity of EUS for detecting choledocholithiasis was 63% compared to52% by TUS, while specificity for EUS in this study was 36% compared to 21% by TUS when comparing EUS and TUS by ERCP.
Comparing to a study done by Chak A, et al. [72] , which involves thirty six patients, all patients underwent TUS, EUS and ERCP, the sensitivity of EUS for detecting CBD stones was 91% compared to 50% by TUS.
Other studies showed sensitivity of EUS for detecting CBD stone ranged from 88% -97% and specificity ranged from 93% -100% [72] .
A number of other studies have compared the accuracy of EUS in detection of CBD stones with TUS, ERCP, and CT [73] - [76] , in most of these reports, the sensitivity of EUS ranged from 88% -97%, with specificity ranged from 96% -100%. In some other studies the sensitivity of EUS in detecting CBD stones ranges from 92% -97% while that of TUS ranges from 15% -56% in the best hands [77] [78] .
The wide range values for TUS can be partially explained by its operator dependency. While in regard to EUS comparing other studies to the current study it supports our result, which showed the sensitivity and specificity of EUS for CBD stones is higher than TUS, although the sensitivity and specificity in the current study is lower than the other studies which could be due to learning curve in this difficult procedure, lack of adequate anaesthesia for irritable patients, old generations of linear scope (fiberopticpentax scope) in the intial part of study among other factors.
3) Pancreatobiliary neoplasms This study showed the superiority of EUS in patients with inconclusive TUS results for detecting pancreatobiliary neoplasms; it showed that sensitivity of EUS for detecting pancreatic neoplasm is 96% and for CBD neoplasm 95%.
A study done by Rosch T, et al. [79] , showed that sensitivity of EUS for detecting pancreatic neoplasm were 99%. In another study by Rasoul Sotoudehmanesh et al. [80] , on 107 patients, showed the sensitivity of EUS for detecting neoplastic bile duct obstruction were 100%. In another study done by DeWitt J et al. [81] , 120 patients enrolled, showed sensitivity of EUS for detecting pancreatic neoplasm were 98%. 4) Ampullary/peri-ampullary neoplasms Current study showed the usefulness of EUS over TUS in the detection of ampullary/peri-ampullaryneoplasms. Among hundred patients enrolled in the study, nine cases were diagnosed to have ampullary/peri-ampullary neoplasms by EUS, compared to only three cases by TUS; with a significant (P value of 0.041).
In a study by Yasuda K et al. [82] , on thirteen cases with ampullary carcinoma (CA); the extent of carcinoma was classified in four stages by EUS, the accuracy rate was 83% for diagnosis and staging of ampullary/periampullary CA.
Significant P value in the current study and high accuracy of EUS in the other study could support our results. 5) Local staging In this study five cases of ampullary/peri-ampullary tumors and four cases of pancreatic/cholangiocarcinoma underwent TNM staging by EUS compared to nil by TUS (P = 0.001).
Also in the current study, 12 cases out of hundred had LN enlargement by EUS compared to only 2 cases by TUS which gives a significant P value of (0.006), and three cases had tumor invasion to CBD, pancreatic duct and duodenal wall by EUS compared to nil by TUS.
TUS is usually not recommended for the staging of pancreatic cancer, due to its low accuracy in predicting vascular involvement and tumor respectability [83] .
Although a few recent studies recommend TUS for the staging of pancreatic cancer, but most of the authors agree that the sensitivity and specificity of TUS are very low, especially for the visualization of vessel invasion and lymph nodes detection [84] .
Globally, the reported accuracies of local staging by EUS in pancreatic cancer ranges from 62% -94%, and those of nodal staging range from 72% -92% [85] [86] .
A total of 29 studies were evaluated (n = 1308), in which EUS showed a sensitivity for the detection of vas-cular invasion of 73%, with a specificity of 90.2% [87] .
In some other studies the EUS accuracy for N staging ranged from 64% -82% [85] . Over all diagnostic accuracy of EUS for tumor staging in ampullary cancer were 74% by Artifon [88] , and in another study were 63% by Ito [89] .
In the current study despite a significant P value of (0.006) in detecting LN enlargement by EUS compared to TUS, and nine cases of pancreatobiliary carcinoma underwent TNM staging compared to nil by TUS, but we couldn't calculate sensitivity or accuracy of EUS for local staging, as we haven't access to compare it to the gold standard (for example operative exploration) because of lack of follow up after EUS examination.
Conclusion
EUS is a relatively new technique in KCGH and needs more training and experience. Eus is more sensitive than TUS in diagnosing CBD dilatation; it has higher sensitivity than TUS in suspected pancreatobiliary neoplasms; furthermore, EUS can be used for staging and resectability assessment of pancreatobiliary neoplasia.
